Objective To estimate the effectiveness and safety of thyroid hormone treatment among pregnant women with subclinical hypothyroidism.
Introduction
Changes in thyroid physiology during pregnancy result in the normal range of thyroid stimulating hormone (TSH) being lower than among non-pregnant adults. International guidelines advocate using population based reference ranges; however, if these are unavailable the recommended fixed upper threshold for TSH concentration is 2.5 mIU/L during the first trimester and 3.0 mIU/L during the second and third trimesters. 1 According to these diagnostic criteria, subclinical hypothyroidism, defined as an elevated TSH concentration with concurrent normal thyroid hormone concentrations, is estimated to affect up to 15% of pregnancies in the US and 14% in Europe. 2 3 This represents a fivefold increase in prevalence compared with the 2-3% prevalence of subclinical hypothyroidism before these criteria were established, raising the possibility of overdiagnosis of subclinical hypothyroidism and discussions at the 2016 Endocrine Society meeting about increasing the TSH cut-off limit to 4.0 mIU/L in the upcoming American Thyroid Association guidelines.
Observational studies have examined the effect of subclinical hypothyroidism on pregnancy related outcomes, and it has been associated with multiple adverse outcomes in many, but not all, studies. [4] [5] [6] A recent meta-analysis of 18 cohort studies found that pregnant women with untreated subclinical hypothyroidism are at higher risk for pregnancy loss, placental abruption, premature rupture of membranes, and neonatal death compared with euthyroid women. 7 Current guidelines recommend levothyroxine treatment in pregnant women with subclinical hypothyroidism. 8 9 However, insufficient evidence exists to show that thyroid hormone treatment improves clinical outcomes in pregnant women with subclinical hypothyroidism. Moreover, in theory, full implementation of these guidelines would lead to levothyroxine treatment being started in up to 600 000 pregnant women in the US each year, 10 increasing the cost of healthcare and the burden on patients. The degree to which these recommendations have been implemented in the US is unknown. We used data from a large national US dataset to determine the prevalence, effectiveness, and safety of thyroid hormone treatment among pregnant women with subclinical hypothyroidism.
Methods Dataset
We did a retrospective analysis of data from the OptumLabs Data Warehouse, an administrative claims database that includes privately insured and Medicare Advantage enrollees throughout the US. 11 The database contains health information on more than 100 million people, spanning more than 20 years, and includes people from geographically diverse regions across the US and of all races/ethnicities and ages and both sexes. 12 The included data comprise covered professional (eg, physician), facility (eg, hospital), and outpatient prescription drug services. Medical claims include ICD-9-CM (international classification of diseases, 9th revision, clinical modification) diagnosis codes and procedure codes; Current Procedural Terminology, version 4 (CPT-4) procedure codes; Healthcare Common Procedure Coding System procedure codes; site of service codes; and provider specialty codes. Laboratory data, available for a subset of people on the basis of data sharing agreements, include test names, logical observation identifiers names and codes, and test results. We used methods compliant with the Health Insurance Portability and Accountability Act of 1996 Study to access data.
Study population
Using available laboratory data, we identified all women aged 18-55 years who had subclinical hypothyroidism defined as TSH concentration 2.5-10 mIU/L within four weeks before or three months after a first medical claim indicating a pregnancy visit (supplementary table A) between 1 January 2010 and 31 December 2014 ( fig 1⇓) . We excluded women who did not have uninterrupted medical and pharmacy coverage for a 12 month period before (to ascertain comorbidities and previous thyroid hormone use) and at least 42 weeks after (to ascertain pregnancy outcomes) the date of TSH measurement. If women had thyroxine concentrations checked within a week of the TSH test and found to be low (free thyroxine <0.8 ng/dL and/or total thyroxine <7.5 µg/dL), we excluded them from analysis because this indicates overt hypothyroidism rather than subclinical hypothyroidism. We also excluded women with multiple gestation pregnancies (ascertained by ICD-9-CM codes; supplementary table B), because higher human chorionic gonadotropin concentrations in multiple gestation pregnancies lower the TSH reference range compared with singleton pregnancies and can therefore confound analyses. 13 We excluded women who used drugs affecting thyroid function (amiodarone, methimazole, and propylthiouracil), were treated with thyroid hormone during the 12 month baseline period, had no codes indicating end of pregnancy within 42 weeks of the index TSH date, or had a code indicating end of pregnancy (supplementary table C) before the index TSH date (TSH test performed after the end of pregnancy).
We recorded patients' baseline characteristics at the time of the index TSH test, including age, race/ethnicity, household income, and census region. We classified ethnicity as non-Hispanic white (white), non-Hispanic black (black), Asian, or Hispanic. 14 To quantify the baseline comorbidity burden, we used the Charlson comorbidity index for one calendar year before the index test date, using ICD-9-CM diagnoses included in administrative claims. The Charlson index is a widely used measure that weights comorbid conditions by the strength of their association with one year mortality. 15 We also recorded information on personal history of thyroid disease (not treated with thyroid hormone), obesity, diabetes mellitus, hypertension, and recurrent pregnancy loss based on ICD-9-CM codes (supplementary table D).
Identification of exposure
We divided the cohort into two groups depending on whether they were treated with thyroid hormone after the index TSH date. Treatment status was ascertained by pharmacy claims. Thyroid hormone treatments included levothyroxine, liothyronine, and thyroid extract formulations.
Identification of adverse outcomes
We identified adverse outcomes of pregnancy by using ICD-9-CM codes during evaluation and management face-to-face clinical encounters, as detailed in supplementary table E. The primary outcome was pregnancy loss (miscarriage and stillbirth). Secondary outcomes included preterm delivery, preterm labor, premature rupture of membranes, placental abruption, gestational diabetes, gestational hypertension, pre-eclampsia, poor fetal growth, and tachycardia.
Patient involvement
No patients were involved in setting the research question or the outcome measures, nor were they involved in developing plans for design or implementation of the study. No patients were asked to advise on interpretation or writing up of results. There are no plans to disseminate the results of the research to study participants or the relevant patient community.
Statistical analysis
We present summary data of patients' baseline characteristics as frequency (percentage) for categorical variables and mean (standard deviation) or median (interquartile range) for continuous variables. We assessed differences between categorical variables by using χ 2 tests and between continuous variables by using t tests. Multivariable logistic regression assessed the association of thyroid hormone treatment with adverse pregnancy outcomes while controlling for potential confounders of TSH concentration, age, ethnicity, income, Charlson index, obesity, history of thyroid disease, and hypertension. When examining outcomes of gestational hypertension and pre-eclampsia, we did not include history of hypertension in the regression model as these diagnoses are mutually exclusive. When examining the outcome of pregnancy loss, we also controlled for history of recurrent pregnancy loss, which is known to be a strong risk factor for this outcome. 16 We did a predetermined sensitivity analysis of treatment effect on all pregnancy related adverse outcomes stratified by a pre-treatment TSH concentration of 4.0 mIU/L, because this TSH concentration will be used as a treatment threshold in the upcoming American Thyroid Association guidelines for subclinical hypothyroidism during pregnancy. Results are reported as odds ratios and 95% confidence intervals, with untreated women as the reference group. We considered a P value below 0.05 to be statistically significant, and all testing was two sided. We used SAS software version 9.4 for all statistical analyses.
Results

Baseline characteristics
We identified 5405 women with subclinical hypothyroidism between 1 January 2010 and 31 December 2014. Of these, 843 (15.6%) women started thyroid hormone treatment; 832 (98.7%) with levothyroxine at a median dose of 50 µg (interquartile range 25-62.5 µg; mean 52.8 (SD 31.8) µg; range 25-300 µg), 7 (0.8%) with thyroid extract formulation, and 4 (0.5%) with a combination of levothyroxine and liothyronine. The remaining 4562 (84.4%) women were not treated with thyroid hormone. The percentage of women treated increased each year of the study: 12% (136/1100) of pregnant women with subclinical hypothyroidism were treated in 2010, 15% (161/1094) in 2011, 15% (160/1040) in 2012, 17% (214/1251) in 2013, and 19% (172/920) in 2014. There was also geographic variation in the prescription of thyroid hormone, with significantly more women receiving treatment in the Northeast and West than in the Midwest and South regions of the US (P<0.01). The median time between TSH test and starting thyroid hormone treatment was 11 (interquartile range 4-15) days, and the median time between TSH test and childbirth was 30.3 (25.4-32.7) weeks. Adherence to thyroid hormone treatment was good, with a mean proportion of 88% of days covered. Of the 843 women who were treated, 719 (85.3%) had at least one subsequent TSH test result during the follow-up period. Using the last TSH measurement, 130 (18.0%) women had a TSH concentration above 3 mIU/L. Table 1⇓ shows patients' baseline characteristics. The groups were similar with regard to mean age, but the untreated group had a higher proportion of patients in the 18-24 year age group than did the treated group. The groups were not different with regard to Charlson index, obesity, or prevalence of pre-pregnancy diabetes. Treated patients had higher pre-treatment mean TSH concentration (4.8 (SD 1.7) mIU/L) and more prevalent pre-existing thyroid disease (eg, thyroid nodules: n=52; 6.2%) compared with untreated patients (3.3 (SD 0.9) mIU/L and n=153; 3.4%, respectively) (P<0.01). Figure  2⇓ shows the distribution of TSH in the two groups. Treated patients had a greater prevalence of past recurrent pregnancy loss (n=23; 2.7%) and hypertension (n=22; 2.6%) compared with untreated patients (n=49; 1.1% and n=221; 4.8%, respectively) (P<0.01).
Pregnancy related adverse outcomes
Pregnancy loss was significantly less common among treated women (n=89; 10.6%) than among untreated women (n=614; 13.5%) (P<0.01), with a median time from TSH measurement to pregnancy loss of 3.3 (IQR 1.6-5.6) weeks. After adjustment for potential confounders of pregnancy loss-specifically age, TSH concentration, ethnicity, income, Charlson index, hypertension, obesity, history of thyroid disease, and history of pregnancy loss-treated women had a 38% lower odds of pregnancy loss compared with untreated women (odds ratio 0.62, 95% confidence interval 0.48 to 0.82).
Other pregnancy related adverse outcomes were also differentially affected by treatment status, as shown in table 2⇓. Compared with untreated women, treated women had higher adjusted odds of preterm delivery (odds ratio 1.60, 1.14 to 2.24), gestational diabetes (1.37, 1.05 to 1.79), and pre-eclampsia (1.61, 1.10 to 2.37). The higher odds of preterm delivery in treated women persisted even after adjustment for gestational diabetes, gestational hypertension, and pre-eclampsia (odds ratio 1.45, 1.03 to 2.05). Other pregnancy related adverse outcomes were similar in the two groups. Of the 654 (77.6%) treated women who had a repeat TSH test during pregnancy, 18 (2.8%) had a serum TSH concentration below 0.1 mIU/L but none had tachycardia. We found no difference in the frequency of tachycardia between groups (treated 2.1% versus untreated 2%; P=0.05).
We found a significant interaction between the pre-treatment TSH concentration (continuous variable) and effect of treatment on pregnancy loss (table 3⇓) . We did a subgroup analysis of treatment effect on all pregnancy related adverse outcomes stratified by pre-treatment TSH concentration (table 4⇓) . The odds of pregnancy loss were significantly lower among treated women with pre-treatment TSH 4.1-10 mIU/L (odds ratio 0.45, 0.30 to 0.65) but not those with pre-treatment TSH 2.5-4.0 mIU/L compared with untreated women (0.91, 0.65 to 1.23) (P<0.01 for interaction). Conversely, the risk of gestational hypertension was significantly higher among treated than untreated women with pre-treatment TSH 2.5-4.0 mIU/L (odds ratio 1.76, 1.13 to 2.74) but was comparable between treated and untreated women with pre-treatment TSH 4.1-10.0 mIU/L (P=0.04 for interaction). We found no significant interaction between pre-treatment TSH concentration and effect of thyroid hormone use on any other adverse outcome.
A sensitivity analysis restricted the treated study cohort to women treated with levothyroxine only. None of the results were affected (supplementary tables F and G), with the exception of the interaction between pre-treatment TSH concentration and the effect of thyroid hormone use on the risk of gestational hypertension (P=0.05 for interaction).
Nearly 80% (n=673) of women in the treated cohort were adherent to prescribed thyroid hormone treatment, as defined by a proportion of days covered of at least 80%, whereas 20.2% 
Discussion
Only 16% of pregnant women with subclinical hypothyroidism included in this large national US cohort received thyroid hormone treatment. Clinical practice guidelines on treatment of subclinical hypothyroidism during pregnancy were based on insufficient evidence, and our findings show the effect of using thyroid hormone replacement on pregnancy loss and other pregnancy related adverse events. We found that use of thyroid hormone was associated with decreased risk of pregnancy loss, but it was also associated with increased risk of preterm delivery, gestational diabetes, and pre-eclampsia. Thyroid hormone treatment had no apparent effect on other important adverse outcomes. Moreover, the benefit of thyroid hormone use on pregnancy loss was observed only among women with pre-treatment TSH concentrations of 4.1-10.0 mIU/L, not those with concentrations of 2.5-4.0 mIU/L, raising questions about the current guideline recommended threshold of 2.5 mIU/L for treating subclinical hypothyroidism when population reference ranges are unavailable.
Comparison with other studies
Our study adds to the existing literature assessing the risks and benefits of levothyroxine treatment in patients with subclinical hypothyroidism, which is hindered by imprecision, moderate risk of bias, and lack of generalizability to patients outside of tertiary care referral centers. Although no published randomized clinical trials have evaluated the effect of thyroid hormone use on obstetric outcomes in subclinical hypothyroidism during pregnancy, small observational studies have suggested a potential benefit. A prospective study in China screened women in the first trimester of pregnancy for thyroid dysfunction and found an association between subclinical hypothyroidism and pregnancy loss, but it did not show any benefits of levothyroxine treatment. 17 Another prospective study in Italy that included pregnant women with serum TSH above 2.5 mIU/L and positive thyroid peroxidase antibody concentrations found that the proportion of women with at least one adverse obstetric or neonatal outcome was significantly higher in the untreated subgroup than in a subgroup of women at similar risk who were treated. This suggested a possible benefit from levothyroxine treatment. 18 These studies were limited by a small sample size and number of events leading to imprecision and failed to adjust for covariates of pregnancy complications. Our group recently published a single center study performed at an academic tertiary care center and including predominantly white pregnant women with subclinical hypothyroidism. We found that levothyroxine treatment in this setting was associated with a decreased risk of low birth weight and low Apgar score. Although the available data on multiple potential confounders, most notably socioeconomic measures and obstetric comorbid conditions, allowed us to adjust the analyses appropriately, this study was also limited by its retrospective, observational design as well as the small size. 19 Thus, although clinical guidelines recommend thyroid hormone treatment for pregnant women with subclinical hypothyroidism, these recommendations have been supported by weak and inconsistent scientific evidence, potentially limiting their implementation in routine clinical practice. Despite the recommendations of the American Thyroid Association in 2011 and the Endocrine Society in 2012 for treatment of subclinical hypothyroidism during pregnancy, 1 8 less than 16% of our cohort received thyroid hormone by 2014. Moreover, 1.2% of the treated women received thyroid hormone preparations other than levothyroxine, against current recommendations. 1 8 The cause of this discrepancy is likely multifactorial, including a lack of familiarity with the guidelines among clinicians, 20 paucity of trustworthy evidence to support such recommendations, 21 inconsistencies in practice among endocrinologists, family medicine physicians, and obstetricians, 22 and non-adherence to levothyroxine by patients. 23 The association of thyroid hormone use with clinically decreased risk of pregnancy loss in our study is consistent with previous reports. [17] [18] [19] From a biologic standpoint, studies on human placental tissue suggest that the optimal concentration of thyroid hormone is needed for it to exert its maximal stimulatory action on trophoblast endocrine function. 24 Therefore, pregnancy loss in early pregnancy during the state of hypothyroidism may represent a direct consequence of inadequate thyroid hormone availability at the level of placental trophoblasts, followed by diminished expression of trophoblast endocrine function. This evidence lends biologic plausibility to the observations described here. However, we also detected an association of thyroid hormone treatment with increased risk of adverse pregnancy outcomes (preterm delivery, gestational diabetes, and pre-eclampsia). Although the increase in absolute risk was small, this finding is not congruent with an overall benefit of thyroid hormone treatment and raises concerns about overtreatment of pregnant women with TSH concentrations of 2.5-4.0 mIU/L. These results might reflect treatment decisions based on the physician's perception of risk, whereby women with a higher risk of pregnancy complications were more likely to be offered thyroid hormone. This bias, however, would strengthen the findings of benefit. Finally, if thyroid hormone treated women experiencing pregnancy complications sought medical attention more often than untreated women did, then adverse pregnancy outcomes would be more likely to be diagnosed among these women, which would bias the results toward an increased risk with thyroid hormone exposure. Alternatively, treated women might have been more adherent to follow-up and treatment recommendations resulting in, or associated with, lower rates of adverse outcomes compared with non-treated women, who might have presented later to care; these and other changes in behavior due to treatment status could affect our adverse outcome rates.
Policy implications
Both clinicians and patients with subclinical hypothyroidism in pregnancy still face uncertainty about the effect of thyroid hormone treatment on maternal and neonatal outcomes. 25 On the basis of our findings, continuing to offer thyroid hormone treatment to decrease the risk of pregnancy loss in pregnant women with TSH concentrations of 4. 
Strengths and limitations of study
The main limitations of this study stem from its retrospective observational design and use of administrative claims data-specifically, the potential for misclassification of treatment and confounders, lack of clinical detail, and selection biases related to health plan enrollment, diagnostic testing, and treatment choice. Methods used in the study, particularly the use of ICD-9-CM codes to ascertain adverse pregnancy outcomes, have not been previously validated. We used filled prescriptions for ascertainment of exposure, and non-adherence would bias our results toward no effect of the drug. However, because these diagnoses are assigned in the context of clinical evaluation, we expect their specificity to be high. OptumLabs Data Warehouse, like any large database of patient care, is unlikely to capture very early miscarriages, many of which are not recognized clinically.
We did not incorporate thyroxine concentrations into the study because they were not consistently included in our dataset. In routine clinical practice, thyroxine concentrations are rarely checked in pregnant women unless overt hypothyroidism is strongly suspected, 2 partly owing to the limitations of available assays. Inadequate information about thyroid peroxidase antibody concentrations did not allow a stratified analysis on the basis of antibody positivity. This is an important limitation as thyroid peroxidase antibody positivity in pregnant women with subclinical hypothyroidism has been associated with worse outcomes. 26 Similarly, limited information on the trajectory of TSH concentrations during treatment did not allow further analyses comparing high-normal and low-normal TSH target concentrations. Data on gestational age, body mass index, education, and smoking status, which could affect pregnancy outcomes, were also unavailable. In addition, the study population includes patients with commercial health insurance; whether our estimates are generalizable to uninsured or Medicaid populations is unclear. Finally, owing to the non-randomized nature of observational studies, we are not able to draw any causal inference. Despite careful adjustment for multiple confounders, most notably socioeconomic characteristics, residual unmeasured confounding is possible.
Nonetheless, this is the largest national study of thyroid hormone treatment among pregnant women with subclinical hypothyroidism. The large sample size enabled a stratified analysis by TSH concentration that was clinically meaningful. Despite the lack of information about the exact gestational age at time of TSH testing, the distribution of days between the TSH test and end of pregnancy suggests that the test was done early in pregnancy with subsequent early initiation of treatment. In addition, our study cohort was not restricted to academic centers and was geographically and racially diverse, thereby reflecting real world estimates in the US and implications of thyroid hormone use in pregnant women with subclinical hypothyroidism.
Conclusions
To facilitate the decision making process for pregnant women with subclinical hypothyroidism, clinicians are encouraged to use a shared decision making approach. 27 With this approach, clinicians can discuss with patients the uncertainty behind our treatment recommendations and explore what is important to them when making decisions about their health with the goal of reaching a decision about treatment that best fits their situation. The timing of thyroid hormone initiation is another important area of research. Given that the observed benefit of thyroid hormone use was related to decreased risk of pregnancy loss, an event most commonly occurring in early pregnancy, treatment may be needed only in the first trimester of pregnancy. Finally, if treatment is started, monitoring of thyroid function and adjustment of treatment dose are essential.
In conclusion, this is the first national study to evaluate the effectiveness and safety of thyroid hormone for pregnant women with subclinical hypothyroidism. Thyroid hormone use was associated with a decreased risk of pregnancy loss in this population, especially those with TSH concentrations of 4.1-10 mIU/L. Further research is needed to understand whether a causal mechanism exists behind this association. In addition, the increased risk of other adverse outcomes calls for randomized trials evaluating the safety of thyroid hormone treatment in this population. These results could facilitate an informed conversation between patients and clinicians about starting thyroid hormone treatment. Funding: This study was funded by the Mayo Clinic Robert D. and Patricia E. Kern Center for the Science of Health Care Delivery. The funders had no role in study design; in the collection, analysis, and interpretation of data; in the writing of the report; or in the decision to submit the article for publication. 
What is already known on this topic
Observational studies have suggested that subclinical hypothyroidism in pregnancy is associated with adverse pregnancy outcomes Insufficient evidence exists supporting net benefit of thyroid hormone treatment among pregnant women with subclinical hypothyroidism Despite the lack of evidence, current guidelines recommend levothyroxine treatment for pregnant women with subclinical hypothyroidism
What this study adds
In a national US cohort of 5405 pregnant women with subclinical hypothyroidism, only 16% of women received thyroid hormone treatment Thyroid hormone treatment was associated with decreased risk of pregnancy loss but also with increased risk of important complications such as preterm delivery, gestational diabetes, and pre-eclampsia
The benefit of thyroid hormone use on pregnancy loss was observed only among women with pre-treatment thyroid stimulating hormone concentrations of 4.1-10.0 mIU/L, not 2.5-4.0 mIU/L Tables   Table 1| Baseline 
